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Abstract Aesthetic quality (AQ) is a crucial ecosystem service of forests, and the assessment of AQ and its
spatial patterns is important for forest management. In this study, we developed an innovative methodology
combining the Delphi and psychophysical methods for the spatial assessment of AQ in the Jiuzhaigou National
Nature Reserve (hereafter Jiuzhaigou). Based on the biological characteristics of the dominant tree species,
10 indicators (including color, canopy architecture, and leaf form) were selected to quantitatively evaluate the
AQ assembly. Based on this method, autumn AQ was assessed and eight main tree species in Jiuzhaigou were
divided into four classes (I-1V), and the spatial distribution pattern of AQ was analyzed. Moreover, the relationship
between AQ and topographic factors (elevation, slope, and aspect) was investigated. The results showed that:
(1) the AQ of each tree species was Betula albosinensis (0.784 6) > Quercus liaotungensis (0.753 7) > Populus
davidiana (0.720 3) > Larix mastersiana (0.622 2) > Pinus tabuliformis (0.570 1) > Picea asperata (0.472 9)
> Picea asperata (0.467 1) > Sabina saltuaria (0.405 4); (2) the spatial distribution of AQ was uneven, and
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higher AQ was found along roadside and watershed areas; and (3) the spatial distribution of AQ was differed
significantly (P < 0.01) among elevations, slopes, or aspects. Specifically, high AQ was usually found in low-
and middle-elevation areas (2 200-3 200 m), and AQ on higher slopes was higher than that on lower slopes.
These results demonstrate that the autumn AQ in Jiuzhaigou differs spatially among tree species. We suggest
that spatial distribution should be considered when protecting high-AQ tree species; for example, increasing the
number of tourist trails or widening areas of scenic spots will help improve AQ.

Keywords aesthetics quality; landscape assessment; topographic factor; spatial distribution; Jiuzhaigou
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Fig. 1 Distribution of vegetation types in the study area.
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Table 1 Evaluation index system of aesthetic quality of forest tree species

H#7 2 e B ez B CHET fabr i
Object layer Factor layer Weight Index layer Weight (sort) Index polarity
4 Hue (Cy) 0.1411 (3) ¥ Negative
B R AE o 0.4830 ANEE Saturation (C,) 0.1022 (4) 1F Positive
Color characteristics ’ T=J¥ Brightness (C;) 0.0983 (5) IF Positive
B 77 K Discoloration period (C,) 0.1413 (2) 1F Positive
Aesthetic L 7t/ Crown shape (Cs) 0.1423 (1) 1E Positive
quality ffj;*f,gracterisﬁcs 0.3035 BEF5 M Trunk clarity (Ce) 0.0732 (8) iE Positive
M Crown width (C;) 0.0880 (7) 1= Positive
WA M7 Leaf shape (Cg) 0.0937 (6) 1t Positive
Leaf éharacteristics 0.2135 T Leaf area (Co) 0.0588 (10) 1 Positive
KLt Ratio of branch mass to leaf mass (C,,) 0.0609 (9) % Negative
=2 FARFIRIRENR
Table 2 Quantification of tree species index
, 2L i IR IR kL = wrs o JTEn
Evaﬁgﬁgi?dex Betula  Populus ~ Quercus Larix Pinus Picea Abies Sabina
albosinensis davidiana liaotungensis mastersiana tabuliformis asperata faxoniana  saltuaria
& Hue (°) 46 38 32 38 87 90 89 79
WA Saturation (°) 68 79 84 61 45 53 45 34
ZJ¥ Brightness (°) 78 78 76 56 40 40 39 40
& JZ Crown shape 1 1 4 2 3 2 2 2
Wi i Trunk clarity 3 3 3 2 1 1 1 1
HJ% Leaf shape 3 3 1 2 2 2 2 2
A5 i[5} Discoloration period (t/d) 51 20 20 25 0 0 0 0
7t iE Crown width (b/m) 6.4 6.65 2.44 3.9 6.45 4.5 5.1 4
M Leaf area (A/cmz) 20 19 46 0.205 1.11 0.33 0.28 0.13
1Lt Ratio of branch mass to leaf mass (r/%) 3.45 5.35 213 5.15 1.67 1.49 1.35 2.24

P LTI [ : 31°-45°; P I : 46°-60°; M4¢ (I (0 i [H 76°-90°.

Orange colour range: 31°-45°; yellow colour range: 46°-60°; leaf green colour range: 76°-90°.
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Table 3 Basic information about the questionnaire population

KA Type 2% Category A% Number k45 Percentage

P 4 Female 281 52.82%

Gender 5 Male 251 47.18%

18% LT Under 18 years old 94 17.67%

S 18-30% 18-30 years old 194 36.47%

Age 31-60% 31-60 years old 194 36.47%

61% Ll I~ over 61 years old 50 9.40%

g EiH1% AR High school and below 198 37.22%

: K. AR Tertiary and undergraduate qualifications 231 43.42%

Education background ;.4 )y 1) |- Master and above 103 19.36%

[ #k 2225 SOWAHE TAE Gardening, ecology, and landscape related work 67 12.59%

[IARZ FE R Az 25 WA SR UM &1 845 B4 ] Government departments or 20 3.76%
Profession administrations related to gardening, ecology, and landscape

HAth Other occupations 445 83.65%
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Fig. 2 Line chart of aesthetic quality and quantitative indicators. BA: Betula albosinensis; PD: Populus davidiana; QL: Quercus liaotungensis;
LM: Larix mastersiana; PT: Pinus tabuliformis; PA: Picea asperata; AF: Abies faxoniana; SS: Sabina saltuaria.
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Fig. 3 Spatial pattern of aesthetic quality level in Jiuzhaigou
National Nature Reserve.
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